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RESUMO  
As lesões de células gigantes periféricas são lesões comuns da cavidade oral. Acredita-se que 
a etiopatogênese destas lesões esteja relacionada a trauma persistente de baixa intensidade. 
Acomete com maior frequência gengiva e rebordo alveolar e é mais prevalente no gênero 
feminino. Lesões de células gigantes periféricas peri-implantares têm sido descritas na 
literatura, mas sua etiopatogênese ainda é incerta. Estudos imunoistoquímicos comparando o 
perfil das lesões de células gigantes periféricas e centrais não têm demonstrado diferenças 
significativas. O objetivo deste estudo foi comparar o perfil clínico-patológico e 
imunoistoquímico das lesões de células gigantes centrais, periféricas convencionais e peri-
implantares. Com esta finalidade, foram selecionados espécimes provenientes de 
procedimentos cirúrgicos de 36 lesões de células gigantes (10 lesões centrais de células 
gigantes e 26 lesões periféricas de células gigantes: 13 convencionais e 13 peri-implantares). 
Após a confirmação dos diagnósticos em hematoxilina e eosina, os tecidos foram submetidos 
a técnica imunoistoquímica. Foi verificada a expressão dos seguintes antígenos: α-SMA, Bcl-
2, GLUT-1, CD68, RANK, OPG, Ki67 e CD34. As reações foram analisadas 
quantitativamente com auxílio do software Imagescope (Aperio). Os resultados dos escores de 
imunomarcação foram analisados com software SPSS versão 22, com nível de significância 
para todos os testes de 5%. Os escores de positividade para CD68 e Bcl-2 foram maiores para 
as lesões de células gigantes convencionais e centrais do que nas lesões de células gigantes 
peri-implantares (p=0.033 para CD68 e p<0.0001 para Bcl-2). A densidade microvascular 
(avaliada pela contagem de vasos CD34+) foi maior nas lesões periféricas de células gigantes 
convencionais (p=0.002) do que nas outras lesões. O índice de proliferação celular (avaliado 
pela porcentagem de núcleos Ki67+) foi mais alto nas lesões de células gigantes peri-
implantares; porém, não houve diferença estatisticamente significante entre os grupos. Em 
conclusão, o presente estudo demostrou diferenças na densidade microvascular, na atividade 
proliferativa e na expressão de CD68 e Bcl-2 nas lesões de células gigantes convencionais, 
peri-implantares e centrais. 
Palavras-chave: Lesões de células gigantes; granuloma de células gigantes; periférica; 
central; peri-implantar; imunoistoquímica; Bcl-2; RANK; OPG; GLUT-1; Ki67; α-SMA; 
CD34; CD68. 
ABSTRACT  
Giant cell lesions (GCL) are common lesions in the soft tissues of the oral cavity and in the 
jaws. Although their pathogenesis remains understood, chronic trauma is suggested as a 
probable etiologic factor. Peripheral GCL occur mostly in the gingiva and alveolar ridge of 
females. Peripheral peri-implant GCL have been recently reported in the literature; however, 
their etiopathogenesis is not fully understood. Few studies have compared the 
immunophenotype of conventional and peri-implant GCL. The aim of this study was to 
evaluate and to compare the clinicopathological features and immunophenotype of 
conventional peripheral GCL, central GCL and peri-implant GCL. Thirty-six GCL were 
retrospectively selected, and after diagnosis confirmation in HE-stained slides, 
immunohistochemistry was performed in 10 central GCL, 13 conventional peripheral GCL 
and 13 peri-implant GCL. The primary antibodies used in this study were: α-SMA, Bcl-2, 
GLUT-1, CD68, RANK, OPG, Ki67 e CD34. Immunohistochemical reactions for the 
antibodies mentioned above were performed and digitally scored by using the Imagescope 
software (Aperio). Digital scores for CD68 and Bcl-2 were higher in conventional PGCL and 
CGCL than in peri-implant PGCL (p=0.033 for CD68 and p<0,0001 for Bcl-2). Microvessel 
density was higher in the conventional PGCL than in CGCL and peri-implant PGCL (p 
=0.002). The cellular proliferative index was higher in peri-implant PGCL than in the other 
studied lesions; however, no significant statistical differences were noted among the groups. 
In conclusion, the current study demonstrated some differences in microvessel density, 
proliferative activity and expression of CD68 and Bcl-2 among conventional PGCL, peri-
implant PGCL and CGCL. 
Keywords: Giant cell lesions; giant cell granuloma; peripheral; central; peri-implant; 
immunohistochemistry; Bcl-2; RANK; OPG; GLUT-1; Ki67; α-SMA; CD34; CD68.
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1 INTRODUÇÃO 
 
Lesões de células gigantes periféricas (LCGP) são lesões reativas comuns da cavidade 
oral1–5. Acredita-se que a etiopatogênese destas lesões esteja relacionada a irritação 
persistente local. Fatores como cálculo dental, traumas associados a alimentação sólida, 
próteses mal adaptadas e extrações dentárias são relatados na literatura3,6.  
Clinicamente, as LCGP apresentam-se como lesões nodulares, pediculadas ou sésseis, 
de coloração vermelha ou vermelho-azulada1,2. A superfície pode estar íntegra; no entanto, na 
presença de traumas locais crônicos comumente apresenta-se ulcerada. A região anatômica 
intraoral com maior envolvimento é a gengiva seguida pelo rebordo alveolar, e poucos casos 
têm sido relatados em outras localizações3,6. As LCGP acometem indivíduos em uma ampla 
faixa etária, sendo a quinta e sexta década de vida as mais acometidas, e com discreta 
predileção pelo gênero feminino4,5,7. Por definição, as LCGP são lesões de tecido mole e não 
devem mostrar envolvimento ósseo, embora, radiograficamente, possa ser observada 
reabsorção da cortical óssea superficial que está sob a lesão – descrita na literatura como 
reabsorção “em taça” – em virtude da pressão exercida por seu crescimento5,6,8. 
Microscopicamente, essas lesões são caracterizadas pela presença de células gigantes 
multinucleadas do tipo corpo estranho, as quais podem apresentar número variável de núcleos 
dispostos em um citoplasma eosinófilo amplo. Estas células estão associadas a presença de 
um número variável de células mesenquimais ovoides e alongadas com citoplasma basófilo 
dispostas aleatoriamente. Entre os dois tipos celulares há espaços vasculares de calibres 
variados, hemorragia e depósitos de hemossiderina1,3,4,6. 
As lesões de células gigantes centrais (LCGC) apresentam características 
microscópicas muito similares as LCGP. Esta condição óssea é benigna e provavelmente 
reativa, podendo ocorrer em ossos craniofaciais e longos9–11. A etiopatogênese da LCGC é 
controversa, pois existem especulações se seu desenvolvimento é de caráter reativo, 
inflamatório, infeccioso ou neoplásico7,9,12. No entanto, a LCGC tem sido interpretada com 
um processo reativo na maioria dos estudos. 
Diversos eventos patológicos crônicos podem justificar as características encontradas 
nestas lesões. A inflamação crônica decorrente da irritação tecidual é caracterizada pela 
presença de células mononucleares, incluindo linfócitos, plasmócitos e macrófagos, além da 
presença de fenômenos proliferativos como a angiogênese13,14. Ambos, coexistem com o 
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fenômeno de reparação em associação com fenômenos celulares imunológicos. Ainda assim, 
não se sabe ao certo a exata origem dos tipos celulares que compõem as lesões de células 
gigantes periféricas. Alguns estudos têm sustentado que as células fusiformes presentes na 
lesão podem ser oriundas dos fibroblastos do ligamento periodontal, uma vez que apresentam 
arquitetura morfológica semelhante3. Já as células gigantes multinucleadas parecem ter 
origem a partir da fusão de células mononucleares que compartilham a mesma linhagem de 
células progenitoras da linhagem monocítica-macrofágica, além de apresentarem 
características biológicas de linhagem osteoclástica15,16. 
Estas evidências biológicas a respeito da origem dos componentes celulares nas LCGP 
justificariam sua predileção anatômica pela gengiva e pelo rebordo alveolar, mas não 
explicaria a existência destas lesões em outros sítios anatômicos. Além disso, ao longo dos 
anos têm sido descritas lesões de células gigantes peri-implantares (LCGPP) que ocorrem nos 
tecidos moles adjacentes a implantes dentários17–20. Por sua vez, as lesões apresentam 
características clínico-radiográficas e histológicas semelhantes as LCGP convencionais21,22. 
Assim, como para outras lesões de células gigantes, nesta localização anatômica, ainda não se 
conhecem os mecanismos por meio dos quais estas lesões surgem e quais são as células 
envolvidas em seu desenvolvimento. 
Alguns estudos têm avaliado por meio da técnica imunoistoquímica o perfil de 
expressão de marcadores de linhagem monocítica-macrofágica nos componentes celulares das 
LCGP e das LCGC. Evidências indicam que as células gigantes multinucleadas e algumas 
células mesenquimais expressam marcadores de linhagem macrofágica, tais como CD68 e o 
fator estimulador de colônias de macrófagos (M-CSF), e osteoclástica, especificamente o 
TRAP, calcitonina, c-fos, RANKL e osteoprotegerina23–29. Já foi descrito na literatura que as 
células mesenquimais presentes nos tumores de células gigantes dos ossos longos – neoplasia 
histologicamente semelhantes as LCGP e LCGC – também expressam marcadores 
osteoblásticos, como colágeno tipo I, sialoproteína óssea, osteonectina e osteocalcina30,31. 
Além disso, evidências sugerem que as células mesenquimais apresentam 
metabolismo mais elevado que as células gigantes multinucleadas, com maior expressão, por 
exemplo, de moléculas transportadoras de glicose (GLUT) e que possam ser responsáveis 
pelo crescimento das lesões de células gigantes28. Por outro lado, outros estudos sugerem 
alterações na microcirculação nas lesões de células gigantes, demonstradas pela expressão 
distinta de CD34 e fator VIII nas áreas superficiais e profundas das lesões32. A expressão de 
marcadores de apoptose, BAX, Bcl-2 e caspase -3, também tem mostrado diferenças quando 
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comparadas em LCGP e LCGC, e entre os seus componentes teciduais, incluindo as células 
mesenquimais e as células gigantes multinucleadas33,34.  
Quanto a expressão de marcadores de proliferação celular, LCGP, LCGC e tumores de 
células gigantes dos ossos longos têm sido analisados de forma comparativa. Mesmo 
apresentando comportamentos biológicos distintos, diferenças significantes ainda não foram 
consistentemente encontradas35,36. Existem, entretanto, evidências de que são as células 
mesenquimais que representam o componente proliferativo de tais lesões25. Poucos trabalhos 
têm estudado detalhadamente o imunofenótipo das LCGP peri-implantares; embora também 
tenham ressaltado a origem macrofágica/osteoclástica das células gigantes, a maioria das 
evidências científicas baseiam–se apenas em relatos de casos e revisões de literatura. 
Embora alguns estudos tenham encontrado discretas diferenças entre lesões centrais e 
periféricas de células gigantes, poucos estudaram o perfil imunoistoquímico lesões de células 
gigantes peri-implantares. Portanto, o objetivo do presente estudo é avaliar comparativamente 
a expressão de marcadores imunoistoquímicos associados aos processos de apoptose (Bcl-2), 
proliferação celular (Ki67), angiogênese (CD34), e de metabolismo celular (GLUT1, RANK, 
OPG) em uma série de 36 casos de lesões de células gigantes centrais, peri-implantares e 
periféricas convencionais. 
 
17 
 
 
2 ARTIGO:  
 
Artigo submetido ao periódico Journal of Oral Pathology & Medicine 
 
Authors: Thayná Melo de Lima Morais1, Ciro Dantas Soares1, José Manuel Aguirre Urizar2, 
Javier Alberdi Navarro 2, Oslei Paes de Almeida 1, Fábio Ramoa Pires 3 
Affiliation: (1) Oral Pathology, Department of Oral Diagnosis, Piracicaba Dental School, 
University of Campinas, Brazil; (2) Oral Pathology, University of the Basque Country, 
Bilbao, España; (3) Oral Pathology, School of Dentistry, State University of Rio de Janeiro. 
 
 
Title: Conventional and peri-implant peripheral and central giant cell lesions: a comparative 
histological and immunohistochemical study. 
Key Words: Giant cell lesion; peripheral; central; dental implants; immunohistochemistry 
Corresponding Author: Fábio Ramôa Pires 
Oral Pathology, Department of Oral Diagnosis, Piracicaba Dental School, University of 
Campinas, Brazil 
Piracicaba Dental School 
UNICAMP, Brazil 
901, Av. Limeira, Areião, Piracicaba, São Paulo – Brazil  
Postal code: 13414- 903 
Phone number: +55 (19) 2106 5200  
E-mail: ramoafop@yahoo.com 
 
Running Head: Comparative immunohistochemical study of peri-implant giant cell lesions. 
 
Conflict of interest: There is no potential conflict of interest that could bias the results of this 
study. 
18 
 
 
 
Abstract word count: 180 
Manuscript word count: 2319 
References count: 38 
Figure count: 3 
Table count: 3 
19 
 
 
Abstract 
Background: Central and peripheral giant cell lesions are reactive lesions of unknown 
etiopathogenesis and similar histological features. Peripheral giant cell lesions affect the 
gingiva and alveolar mucosa, and rarely can be associated with dental implants. The aim 
of this study was to compare the expression of immunohistochemical markers in a series 
of central and conventional peripheral and peri-implant giant cell lesions. 
Methods: Immunohistochemical reactions for the antibodies mentioned above were 
performed and digitally scored.  
Results: CD68 and Bcl-2 expressions were higher in conventional peripheral giant cell 
lesions and central giant cell lesions than in peri-implant peripheral giant cell lesions 
(p=0.033 for CD68 and p<0.0001 for Bcl-2). Microvessel density was higher in 
conventional peripheral than in central and peri-implant peripheral giant cell lesions 
(p=0.002). Proliferative index of the mononuclear cells showed no statistically 
significant differences comparing the three groups but it was higher in peri-implant 
peripheral giant cell lesions.  
Conclusion: The current study demonstrated some differences in microvessel density, 
proliferative activity and expression of CD68 and Bcl-2 among conventional peripheral, 
peri-implant and central giant cell lesions. 
 
Keywords: Giant cell lesion; giant cell granuloma; peripheral; dental implants; 
immunohistochemistry.
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Introduction 
Peripheral giant cell lesions (PGCL) are relatively common proliferative growths 
that affect mainly the lower posterior gingiva and edentulous areas of the alveolar 
mucosa1. It is well accepted that these lesions are reactive processes microscopically 
characterized by a proliferation of multinucleated giant cells and mesenchymal cells 
(possibly osteoclast-like type derived from the periodontal ligament) associated with 
inflammatory mononuclear cells, and variable amounts of blood vessels, hemorrhage 
and fibroblasts1,2. Local irritative factors and chronic trauma are the main etiological 
factors recognized to date2. Central giant cell lesions (CGCL) are intraosseous and 
occur mainly in the mandible. Histologically, CGCL are similar to PGCL3. The exact 
pathogenesis of CGCL is still controversial and its etiology has not been fully 
elucidated, but some particular lesions histologically identical to CGCL are associated 
with other entities, such as hyperparathyroidism, cherubism, Noonan syndrome, and 
type-1 neurofibromatosis4,5. 
Almost all PGCL are associated with teeth or arise in edentulous areas of the 
alveolar mucosa, however, there are also some few reported cases of peri-implant 
PGCL1. Although conventional PGCL, peri-implant PGCL and CGCL have histological 
and clinical similarities, their pathogenesis remains poorly understood. The 
immunoprofile of PGCL and CGCL has been widely investigated and numerous 
markers for cellular proliferative activity, osteoclast metabolism, angiogenesis and 
apoptosis were studied in these lesions6–9. However, until now there is no comparative 
study including peri-implant PGCL. 
Given that the possibility that the expression of metabolism markers and proteins 
involved in osteoclast activation pathways and apoptosis may be different in these 3 
above-mentioned groups, the aim of the present study was to compare the 
immunohistochemical profile of conventional and peri-implant PGCL and CGCL. 
 
 
Material and Methods 
 
Samples 
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The sample consisted of 36 specimens retrieved from the files of the Oral 
Pathology Laboratory, School of Dentistry, State University of Rio de Janeiro, Brazil 
and from the Oral & Maxillofacial Pathology Laboratory, University of the Basque 
Country/EHU, Leioa, Spain. After analysis of the integrity of the specimen and its 
representativeness, cases were selected and grouped in CGCL (n=10), conventional 
PGCL (n=13) and peri-implant PGCL (n=13). Clinical, radiological and gross specimen 
data from each case were obtained from the laboratory records and histological features 
were described after analysis of five-µm HE-stained sections. 
This study was fully approved by the Institutional Board Review of the 
Piracicaba Dental School, University of Campinas (CEP/FOP; process number 
70503317.8.0000.5418). 
 
Immunohistochemistry 
Immunohistochemical reactions were performed using 3-µm sections 
deparaffinized in xylene and hydrated in graded series of alcohol. Antigen retrieval was 
performed with citric acid solution (pH 6.0) or Tris-EDTA buffer solution (pH 9.0) and 
electric pressure cooker (Table 1). The activity of the endogenous peroxidase was 
blocked with one 15-minute bath of 10% hydrogen peroxide. The sections were 
incubated for 2 hours with the primary antibodies (Table 1). After that, the sections 
were incubated with the super-sensitive non-biotin based immunohistochemical 
visualization system (AdvanceTM HRP Kit – DakoCytomation, Carpinteria, CA, USA). 
Diaminobenzidine tetrahydrochloride (DAB, Sigma, St. Louis, MO, USA) was used as 
chromogen and was followed by counterstaining with Carazzi’s hematoxylin. 
 
Digital analysis of the HE-stained sections and immunohistochemical reactions 
All HE-stained and immunohistochemical (IHC) slides were scanned into high-
resolution images using the Aperio Scanscope CS Slide Scanner (Aperio Technologies 
Inc., Vista, California, USA). For α-smooth muscle actin (α-SMA), Bcl-2, Glucose 
transporter 1 (GLUT-1), CD68, osteoprotegerin (OPG) and receptor activator of nuclear 
factor kappa-B (RANK), the Positive Pixel Count v9 (Aperio Technologies Inc.) 
algorithm classified staining in negative, weak-positive, medium-positive and strong-
positive. The final score of each marker for each lesion was calculated as the sum of the 
percentage of each category multiplied by their intensity scores using the following 
formula: [tumor score = (percentage weak × 1) + (percentage moderate × 2) + 
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(percentage strong × 3)]. The results ranged from 100 to 300, which was in agreement 
with previous study from our group10. For Ki-67, the Nuclear Algorithm (Aperio 
Technologies Inc.) detected the total, negative and positive nuclear staining, generating 
an index of the positivity (in %). Microvessel density, assessed by counting the total of 
CD34-positive vessels, was performed by the software Microvessel Analysis Algorithm 
(Aperio Technologies Inc.). The ratio of giant/mononuclear cells was also calculated for 
each case. All histomophometric and digital-IHC analyzes were carried out in five high-
power fields (×40 magnification) and the mean was calculated. 
 
Statistical methods 
Statistical Package for Social Sciences (SPSS) software version 22 (IBM, 
Chicago, IL, USA) was used for statistical analysis. Firstly, the data were examined 
using the Kolmogorov-Smirnov test to determine their distribution. In view of the non-
Gaussian distribution of the data gathered, Kruskal-Wallis test was applied to compare 
the medians from all scores, cellular proliferative index and microvessel density. Data 
were also examined through the Pearson correlation test. The level of significance was 
considered 5% (p ≤ 0.05) for all analyses. 
 
 
Results 
Clinical and demographical characteristics from the 36 cases are shown in Table 
2. CGCL and peri-implant PGCL demonstrated a predilection for females while 
conventional PGCL were more common in males. Mean age of the patients was higher 
in patients affected by PGCL than CGCL-affected patients. All three groups were more 
common in the mandible and most PGCL were smaller than the CGCL (Table 2). 
All lesions showed a similar histological pattern. Conventional and peri-implant 
PGCL were mostly covered by a keratinized stratified squamous epithelium, with a 
higher frequency of ulcerations in peri-implant PGCL. The lamina propria was 
composed by a loose connective tissue and in the deeper parts showed a proliferation of 
multinucleated giant cells interspersed by ovoid and spindled shaped mesenchymal cells 
and numerous small blood vessels. In CGCL, a spindle cell proliferation was also 
present and multinucleated giant cells were observed in direct contact with bone 
trabeculae. Multiple areas of hemorrhage and presence of hemosiderin were also 
common in CGCL (Figure 1). Mean number of multinucleated giant cells per high-
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power field (×40 magnification) was 50.25, 52.08 and 56.76 for CGCL, conventional 
PGCL and peri-implant PGCL, respectively. Proportion of ovoid/spindled mononuclear 
mesenchymal cells to multinucleated giant cells was 53.96 (CGCL), 45.57 (PGCL) and 
44.37 (peri-implant PGCL) (Table 3). These differences were not statistically 
significant. 
The IHC features showed that α-SMA was expressed in blood vessels and 
myofibroblasts in all groups. Bcl-2 demonstrated a variable expression in mononuclear 
cells and multinucleated giant cells. Several cases showed weak expression of Bcl-2 in 
multinucleated giant cells. Ulcerated conventional and peri-implant PGCL showed a 
higher number of inflammatory cells positive for Bcl-2 close to the areas of ulceration. 
GLUT-1 demonstrated a cytoplasmic expression in few multinucleated giant cells in all 
groups and membrane expression in surface epithelium of conventional and peri-
implant PGCL. CD68 was expressed mainly in the cytoplasm of the multinucleated 
giant cells and some dispersed mononuclear cells. RANK and OPG demonstrated a 
cytoplasmic expression in fusiform and mononuclear cells, and some giant cells were 
also strongly positive for both markers. CGCL presented higher expression of RANK 
than conventional and peri-implant PGCL (P>0.05), while OPG was more expressed in 
peri-implant PGCL than in conventional PGCL and CGCL (P>0.05). CD34 was 
expressed mainly in the endothelial cells of large and small vessels and occasionally in 
dispersed fusiform cells, compatible with fibroblasts/myofibroblasts. Figures 1 and 2 
show some histological features of the studied lesions as well as the immunoexpression 
of α-SMA, Bcl-2, GLUT-1, CD68, RANK, OPG and CD34. 
The proliferative index of the mononuclear ovoid/spindled mesenchymal cells, 
assessed by Ki-67-positive nuclei was 5.33%, 5.24% and 6.49% for CGCL, 
conventional PGCL and peri-implant PGCL, respectively (Figure 2). Overall, in 
peripheral lesions the proliferative index of the surface epithelium was 11.16% for 
conventional PGCL and 22.49% for peri-implant PGCL. The epithelial proliferative 
index in non-ulcerated conventional PGCL was 11.35% (10/13 cases) and ulcerated was 
10.53% (3/13 cases). Regarding the peri-implant PGCL, the values were 18.31% for 
non-ulcerated lesions (3/13 cases) and 23.75% for ulcerated lesions (10/13 cases). 
The median of scores from the digital analysis for all studied markers are shown 
in Figure 3. CD68 and Bcl-2 scores were higher in conventional PGCL and CGCL than 
in peri-implant PGCL (P=0.033 for CD68 and P<0.0001 for Bcl-2). Microvessel density 
was higher in conventional PGCL than in CGCL and peri-implant PGCL (P=0.002). 
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The α-SMA, GLUT-1, RANK and OPG median scores were very similar in the three 
groups, without any statistically significant differences. Correlation tests demonstrated a 
positive correlation between microvessel density and the expression of CD68 (r= 0.360, 
P=0.034) and OPG (r= 0.382, P=0.024). 
 
 
Discussion 
Several studies have demonstrated that oral giant cell lesions show a similar 
histological pattern and are considered reactive entities, although they sometimes 
present a more aggressive clinical course3-5. They can affect the gnathic bones and the 
gingiva/alveolar mucosa and their occurrence in sites adjacent to dental implants is 
rare1,3,11. Several studies have compared the clinicopathological and 
immunohistochemical features of conventional PGCL and CGCL, directed to 
proliferative pattern and histogenesis of the multinucleated giant cells and mononuclear 
spindle cells6-9. As far as we know, this is the first study focusing these comparisons 
including peri-implant PGCL. 
In the present sample, most of the CGCL and peri-implant PGCL cases occurred 
in the mandible of females patients, in accordance with previous studies3,11. Both 
conventional and peri-implant PGCL affected older patients in comparison with CGCL, 
also in accordance with the literature4,5,11. An analysis of the 19 cases of peri-implant 
PGCL previously reported in the literature showed that the mean age of the affected 
patients was 50.9 years (ranging from 21 to 74 years)11-23, similar to the results of the 
present study. Gender, age and site distribution of the peri-implant PGCL can be 
explained by the fact that dental implants are more commonly installed in the mandible 
of older females. 
CD68 is a transmembrane glycoprotein widely used as a specific marker of cells 
of the monocyte-macrophage lineage, such as monocytes, histiocytes and osteoclasts. 
We observed a higher CD68 expression score in CGCL and conventional PGCL than in 
peri-implant PGCL. Although CD68 expression was higher in conventional PGCL than 
CGCL, no statistically significant difference was noted, in accordance with previous 
results8. An intriguing result from our study was the higher number of giant cells but 
lower expression of CD68 in peri-implant PGCL in comparison with the other two 
groups. It has been demonstrated that immature mononuclear cells derived from the 
bone marrow do not express CD68, and their stimulation by macrophage colony-
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stimulating factor is time-dependent24. Thus, it was supposed that osteoclasts in these 
lesions can be derived exclusively from the bone in the area adjacent to the implant. 
CD68-deficient osteoclasts have demonstrated lower resorption activity and, in some 
instances, stimulates osteoblasts24. Thus, we can suggest that CD68-deficient osteoclasts 
are more common in peri-implant PGCL due to the absence of periodontal ligament. 
However, we were not able to explain if osteoclasts of conventional PGCL have higher 
resorption activity and, consequently, demonstrate higher CD68-expression. 
Macrophages are potent angiogenic stimulators by producing several angiogenic 
factors25 and our results showed a positive correlation between the expression of CD68 
and microvessel density. Conventional PGCL showed both higher microvessel density 
and higher score of CD68-positive cells than peri-implant PGCL; one explanation for 
these findings could be that conventional PGCL is exposed to continuous local irritative 
factors from the periodontal ligament or local trauma, showing an increase in the 
number of blood vessels and, consequently, a higher microvessel density. Higher 
microvessel density has been also associated with a more aggressive phenotype of 
CGCL26, but we were not able to evaluate this possible association due to the methods 
used in the present study. 
Several components of the B-cell lymphoma family, particularly Bcl-2, have 
been involved in the apoptotic pathway, acting as positive or negative regulators of this 
process27. It is well established that Bcl-2 facilitates cell survival, playing an important 
role in tumor initiation and maintenance9,28. Expression of Bcl-2 was previously 
demonstrated in multinucleated giant cells from both PGCL and CGCL9,28 and, in the 
current study, its expression was significantly lower in peri-implant PGCL in 
comparison with the other groups. It seems that the influence of apoptotic factors is less 
important in the growth and maintenance of peri-implant PGCL than conventional 
PGCL, but further investigations with larger samples and including other proteins 
involved in the apoptotic pathway are encouraged to clarify the importance of these 
findings. 
RANK pathway is directly involved in the osteoclastogenesis process, playing 
an important role in osteoclast proliferation, activation and apoptosis29. On the other 
hand, OPG acts as an inhibitor of the osteoclast activity. In the current study, RANK 
and OPG presented similar digital scores in all three groups, suggesting that these 
markers exert an important role in the histogenesis of multinucleated giant cells in giant 
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cell lesions independent from its origin (peripheral or central) and relationship to 
periodontal ligament or not. 
Expression of α-SMA was similar in the three groups suggesting that the 
presence of cells with myofibroblastic phenotype is constant in giant cell lesions and is 
not dependent on origin and relationship to periodontal ligament. GLUT-1 is a molecule 
involved in the basal glucose uptake and, consequently, plays a crucial role in the 
cellular metabolism, energy production and intracellular glucose concentration levels30. 
Its expression was also similar in the three groups and apparently does play a specific 
origin-dependent role in the pathogenesis of giant cell lesions. 
Comparison of the proliferative index of the mononuclear cells from the three 
groups showed no statistically significant differences. However, the proliferative index 
was higher in peri-implant PGCL than in conventional PGCL and CGCL. The higher 
proliferative index of the peri-implant PGCL could be associated with the higher 
frequency of ulceration of the surface epithelium seen in this group and seems to be not 
associated with apoptotic pathways. Peri-implant PGCL have demonstrated higher 
intralesional and epithelial proliferative index in comparison with conventional PGCL 
and CGCL, as well as lower expression of Bcl-2 compared with the other lesions. 
In conclusion, the results of the current study have demonstrated some 
differences in microvessel density, proliferative activity and expression of CD68 and 
Bcl-2 among conventional PGCL, peri-implant PGCL and CGCL. 
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Table 1. Information of the primary antibodies used in the current study. 
Antibody Clone Dilution Antigen retrieval Positive control 
α-Smooth muscle actin a 1A4 1:400 Citrate Endometrium 
Bcl-2 a 124 1:50 Citrate Lymph node 
Glut-1 b Polyclonal 1:100 Citrate Fibrous hyperplasia 
CD68 a PG-M1 1:400 Citrate Mucocele 
OPG c ab183910 1:100 EDTA/TRIS Newly formed bone tissue  
RANK c 64c1385 1:100 EDTA/TRIS Newly formed bone tissue 
CD34 a QBEnd-10 1:50 Citrate Pyogenic granuloma 
Ki67 a MIB-1 1:100 EDTA/TRIS Lymphoma 
a Dako (Carpinteria, CA, USA); b BioSystems (Evry cedex, France); c Abcam (Cambridge, MA, USA) 
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Table 2. Clinical and demographic data of the 36 cases of central giant cell lesions (CGCL), 
conventional peripheral giant cell lesions (PGCL) and peri-implant PGCL included in this 
study. 
Parameter CGCL Conventional PGCL Peri-implant PGCL 
Gender 
 
    
Male 3 (30%) 8 (62%) 2 (15%) 
Female 7 (70%) 5 (38%) 11 (85%) 
Age (years) 
 
    
Mean 28.8 54.5 57.5 
Range 11 – 85 9 – 86 29 – 73 
Site 
 
    
Maxilla 2 (20%) 5 (38%) 3 (23%) 
Mandible 8 (80%) 7 (54%) 10 (77%) 
Size 
   
≤ 15 mm 3 (30%) 9 (69%) 8 (62%) 
>15 mm 7 (70%) 4 (31%) 5 (38%) 
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Table 3. Mean number (standard deviation) of multinucleated giant cells (MGC) and 
mononuclear cells (MC) per high-power field, and proportion of mononuclear/giant cells in 
central giant cell lesions (CGCL), conventional and peri-implant peripheral giant cell lesions 
(PGCL). 
Parameter CGCL 
Conventional 
PGCL 
Peri-implant 
PGCL 
P value * 
Multinucleated 
giant cells 
50.25 (22.81) 52.08 (17.57) 56.76 (14.92) 0.69 
Mononuclear 
cells 
2176 (540.4) 2045 (558.2) 2256 (319.5) 0.55 
Proportion 
MC / MGC 
53.96 (29.29) 45.57 (26.82) 44.37 (17.63) 0.66 
* ANOVA 
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Figure 1. Histological features and immunohistochemical expression of α-SMA, 
Bcl-2, Glut-1 and CD68 in CGCL (central giant cell lesions), conventional and peri-
implant PGCL (peripheral giant cell lesions) (HE and IHC, All images, ´40 
magnification). 
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Figure 2. Immunohistochemical expression of RANK, OPG, Ki67 and CD34 in 
CGCL (central giant cell lesions), conventional and peri-implant PGCL (peripheral 
giant cell lesions) (IHC, All images, ´40 magnification). 
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Figure 3. Comparison of the expression of the studied markers in the three groups: CGCL (central giant cell lesions), PGCL (conventional 
peripheral giant cell lesions) and PGCL/implants (peri-implant peripheral giant cell lesions). Statistically significant differences are shown by 
asterisks, *P<0.05, Kruskal-Wallis test. 
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3 CONCLUSÃO  
 
Com base nos resultados apresentados, é possível concluir que as lesões de células 
gigantes centrais, periféricas convencionais e peri-implantares estudadas apresentaram 
diferenças na microdensidade vascular, na atividade proliferativa e na expressão de CD68 e 
Bcl-2.  
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